Improved navigational technology (such as the DFW = Microwave Landing System and the Global Positioning FAST = System) installed in modem aircraft will enable air traffic controllers to better utilize available airspace. IFR = Consequently, arrival traffic can fly approaches to parallel ILS = runways separated by smaller distances than are currently allowed. Previous simulation studies of advanced nmi = navigation approacheshave found that controller NTZ = workload is increased when there is a combination of aircraft that are capable of following advanced navigation SCY = routes and aircraft that are not. Research into Air Traffic TCAS = Control automation at Ames Research Center has led to the development of the Center-TRACON Automation TRACON= System (CTAS). The Final Approach Spacing Tool VFR = (FAST) is the component of CTAS used in the TRACON area. The work in this paper examines, via simulation, the effects of FAST used for aircraft landing on closely spaced parallel runways. The simulation contained various conabinations of aircraft, equipped and unequipped with advanced navigation systems. A set of simulations was run both manually and with an augmented set of FAST advisories to sequence aircraft, assign runways, and avoid conflicts. The results of the simulations are analyzed, measuring the airport throughput, aircraft delay, loss of separation, and controller workload. Improved navigational technology (such as the Microwave Landing System and the Global Positioning System) installed in modem aircraft will enable the air traflic controller to better utilize available airspace. Consequently, arrival traffic can fly approaches to parallel runways separated by smaller distances than are currently allowed. After new navigation systems are approved by the Federal Aviation Administration, they are slowly adopted by the aircraft fleet. Thus, for the next few decades, the number of aircraft equipped with advanced navigation technology will gradually increase. Previous simulation studies of advanced navigation approaches I have found that controller w{xkload is higher when there is a combination of aircraft that capable of following advanced navigation routes and aircraft that are not, than when all aircraft are equipped with the same navigation technology. Automated air traffic control tools are thus desirable to help reduce controller workload in such a situation.
cause the aircraft to meet the sequence. Passive FAST, which is scheduled to be tested in the field at Dallas-Fort Worth (DFW) in 1995, consists of runway assignments and sequences only. Passive FAST was augmented with ccmflict advisories for this simulation, to compensate for the closer runways.
The work in this paper examines, via simulation, the effects of this augmented passive FAST when used for aircraft landing on closely spaced parallel runways. A set of simulations was run both manually and with the augmented set of passive FAST advisories. The simulation contained various combinati_as of aircraft, equipped and unequipped with advanced navigation systems. The purpose of this paper is to describe the experiment used to examine the closely spaced parallel runway problem, and to present simulation results comparing a strictly manual simulation with a simulation using passive FAST automation. The airspace organization is described in section H, followed by the definition in section HI of the scenarios that comprise the simulations. Section IV describes the advisories presented for both simulations. The data that was recorded and the variables that were analyzed are described in section V. Finally the results of the two simulations and conclusions are presented in sections VI and VII. This paper compares the technical data fc_ these simulations while Reference 5 examines the controller coordination and controller-reported workload.
IL Airsaace Ortmnization
The DFW TRACON airspace was used for the simulations as an example of an airport with close on the runways at the bottom. The current minimum required separation for independent ILS approaches is 4300 ft for most airports and 3400 ft for airports equipped with advanced radar equipment. For this study, the ILS approach to runway 18R and the advanced navigation approach to 18L were 3400 feet apart, which would be allowable with advanced radar.
Between the two approaches is the Non-Transgression Zone (NTZ At approximately 3 nmi from the threshold and 1600 to 1700 ft above sea level (ASL), the advanced navigation aircraft transitioned to Visual Hight Rules (VFR) and moved over to the runway. This procedure is similar to an approach procedure used at San Francisco airport, but differs because the two approaches at San Table 1 , starting with the smallest percentage of advanced navigation equipped aircraft and ending with all aircraft being equipped. The scenarios were created by assigning the creation times of the aircraft randomly within an hour, and assigning the aircraft types and airlines in the same percentages as a reference recording of actual DFW traffic over a fivehour period. Figure 2 , though a staggered approach would only be necessary if the runway approaches had been closer together. Staggered approaches reduce the maximum possible throughput of the airport compared to a simultaneous approaches, increasing delay, for the same traffic level.
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IV. Advisory Definition
Two simulations were performed using the same four scenarios under both simultaneous and staggered approaches: a baseline simulation was conducted without CTAS advisories; and a second simulation including passive FAST advisories. For the baseline simulation, the controller's display was similar to actual controllers' displays at DFW except for the equipment type (ILS or advanced) being indicated on the aircraft tag and the use of color. The equipment type was shown after the aircraft call sign in yellow (where the rest of the tag was in green) to make it immediately obvious.
All decisions (e.g., routes, speeds, altitudes, headings, runway assignments) were made by the controller, with the restriction that only advanced navigation equipped aircraft were allowed to land on 18L. is first to runway 18R, and UAL12 is the first aircraft to runway 18L. UAL001 is followed by UALI34 and UAL12 by UAL1422. (away from and turn-on to the runway) was defined by the duration of the conflict in seconds. Thus a single one-minute conflict would be rated equal to 60 onesecond conflicts. The NTZ violations were all of fairly consistent durations, so the number of NTZ violations per simulation was used. The in-trail and stagger separations were calculated as (dRE Q -daetual)/dRE Q where dRE Q is the required separation and daetual is the actual separation. The required stagger separation is 2 nmi, and the required in-trail separation is given in Table 2 . 
y, Data and Analysis
VI. Result_
Three assumptions were made before the simulations were performed.
(1) The new conflict advisories in the simulation which included passive FAST advisories would reduce the duration of the conflicts by causing the controllers to notice the ccmflicts earlier than in the baseline simulation. (2) The throughput of the simulation with passive FAST would be higher than the baseline simulation, causing a corresponding reduction in delay. The greatest advantage for situations with more accurate position requirements, such as described in this paper, is expected to be gained with active FAST.
Giving the turns and speeds required to meet the schedule exactly would lead to better precision for the aircraft. Simulations using passive FAST 8 have shown about a 20% increase in throughput for normal operations at DFW. This increase due to passive FAST is mostly caused by improved runway allocation. Due to the restrictive nature of the runway assignment allowed in this experiment, it was assumed, before the simulations occurred, that the improvements would be less than 20%. (3) The workload of the controllers using passive FAST would be reduced over manual operations. This result has been noticed by DFW controllers in simulations with passive FAST 8. As it turned out, the only one of these assumptions to be supported by the simulations was the third. Conflicts were not reduced nor throughput increased with augmented passive FAST advisories, but workload was decreased.
The results for the simulations are shown in two tables. Table 3 shows the values from the baseline simulation,
and Table 4 shows the results when passive FAST was used. The simulation results were combined in two different ways, producing four sets of data. The west and medium scenarios were averaged to produce data Another limiting factor may be that the number of samples was too small. Each scenario took about an hour and a half to run, so the number of scenarios that could be performed was limited by resources.
Two methods were used to examine workload: the TLX survey given to the controllers and the average number of commands executed by each aircraft. The survey results, which were a measure of controller perception of workload, were slightly higher for the baseline simulation, but were not statistically significant. This may be due to the controller pool used in this study. These controllers have become familiar with the FAST system over several years and may be less aware of the workload benefits. Calculating workload from the average number of commands given per aircraft, the baseline simulation numbers were 5 to 20% higher than the passive FAST simulation. The 45 aircraft per hour and the stagger combinations were statistically significant, and the simultaneous combination was nearly statistically significant. The 45 aircraft per hour had about 15% less commands issued, and the stagger scenarios had about 20%.
VII. Conclusions
This experiment assumed that improved navigational technology on aircraft will enable air traffic controllers to land arrival traffic on parallel runways separated by smaller distances. This problem was studied in two simulations consisting of at least eight scenarios performed by air traffic controllers and pseudo-pilots. The scenarios consisted of two different flow rates, two approaches, and various combinations of equipped and unequipped aircraft. The simulations were nm with and without augmented passive FAST advisories. Due to the more regulated runway assignments, the ability of automation to increase airport throughput was reduced. The benefits of ATC automation were to reduce conflicts, which could be increased in the smaller airspace, and to reduce controller workload by planning for the aircraft further in advance. The results of these simulations, although statistically not significant, showed slight increases in throughput and decreases in delay with passive FAST advisories, except for a simultaneous approach. There was also no reduction in number or duration of conflicts, leading to the conclusion that the conflict advisories used were not helpful. A statistically significant workload reduction of 15 to 20%, measured in number of commands issued to the aircraft, was produced by the lower flow rate and stagger scenario with passive FAST advisories. Reduced workload has previously been shown in passive FAST simulations along standard arrival routes. This measurement of controller workload should also correspond to a reduction in pilot workload.
Several issues should be examined in future work.
Significant throughput increases for this experiment should occur with active FAST advisories (speeds and turns) to help the controllers meet the computergenerated schedules. Active FAST, producing advisories based on conflict-free trajectories, should also cause a reduction in the number of conflicts. Further work could be performed on improving conflict advisories to be more helpful to the controller. The simulations could also be performed with controllers less familiar with FAST for a more accurate measurement of perceived workload. 
